Purpose: To develop a simple risk-scoring system to forecast scrub typhus severity. Patients and methods: Seven years' retrospective data of patients diagnosed with scrub typhus from two university-affiliated hospitals in the north of Thailand were analyzed. Patients were categorized into three severity groups: nonsevere, severe, and dead. Predictors for severity were analyzed under multivariable ordinal continuation ratio logistic regression. Significant coefficients were transformed into item score and summed to total scores. Results: Predictors of scrub typhus severity were age .15 years, (odds ratio [OR] =4.09), pulse rate .100/minute (OR 3.19), crepitation (OR 2.97), serum aspartate aminotransferase .160 IU/L (OR 2.89), serum albumin #3.0 g/dL (OR 4.69), and serum creatinine .1.4 mg/dL (OR 8.19). The scores which ranged from 0 to 16, classified patients into three risk levels: non-severe (score #5, n=278, 52.8%), severe (score 6-9, n=143, 27.2%), and fatal (score $10, n=105, 20.0%). Exact severity classification was obtained in 68.3% of cases. Underestimations of 5.9% and overestimations of 25.8% were clinically acceptable.
Introduction
Scrub typhus is one of the common acute febrile illnesses encountered in tropical countries, including Thailand. 1, 2 The infection often causes vasculitis and multipleorgan failure. 3, 4 Patients with such complications usually have poor prognoses that may end with death, especially those with delayed diagnosis and treatment. Systemic complications commonly reported as causes of death include respiratory involvement (15%-36%), [5] [6] [7] cardiovascular involvement (2%-34%), 5, 6, 8, 9 renal involvement (9%-20%), 6, [9] [10] [11] hepatic involvement (4%-31%), 8, 9 central nervous system involvement (4%-23%), 8, 12 or multiple-organ involvement (11.9%). 13 Mortality is reported in up to 30% of cases. 4, 14 Clinical characteristics for prognostication of scrub typhus severity and death have been the subject of many studies. These characteristics may include any combinations of the following systems: respiratory system -dyspnea, crepitation, and abnormal chest film; cardiovascular system -septic shock; hepatobiliary system -serum 12 sriwongpan et al albumin #3 g/dL, bilirubin .1.5 mg/dL, and more than twofold increase in aspartate aminotransferase (AST); and kidney system -serum creatinine .1.4 mg/dL and positive urine albumin. 12, [15] [16] [17] Early detection of these characteristics might be used to assist clinical guidelines for patient management.
Clinical prediction rules to forecast disease severity were developed for a few infectious diseases, such as communityacquired pneumonia. 18 However, there have been no studies attempting to develop a clinical risk-scoring system to forecast the severity of scrub typhus.
The present study was conducted to develop a simple clinical risk-scoring algorithm to predict the severity of scrub typhus in patients suspected of infection. The scoring system may assist routine clinical guidelines to improve patient management.
Patients and methods
This study was approved by the research ethics committees of the two hospitals in Chiang Mai and Chiang Rai, and the Faculty of Medicine at Chiang Mai University.
Patients
Retrospective data analysis was conducted at two universityaffiliated general hospitals in the north of Thailand during 2004 and 2010. Patients were professionally diagnosed with scrub typhus, based on the exposure history of disease, presenting with acute fever and at least one of the following signs and symptoms: myalgia, headache, conjunctival injection, cough, profuse sweating, maculopapular rash, and lymphadenopathy, 14 accompanied by the presence of eschar and/ or positive immunochromatographic test for scrub typhus. Patients were classified into three groups: 1) nonseverepatients without any complications; 2) severe -patients with severe complications; and 3) dead -those who died in hospital from scrub typhus. Patients undergoing any intervention trials during the same period were excluded from data analysis.
Definitions of severe scrub typhus
Severe scrub typhus was operationally defined as patients who presented with involvement of at least one of the following organ systems.
• Cardiovascular system -presence of any of the following: ○ Systolic blood pressure less than 90 mmHg ○ Abnormal cardiac arrhythmia with no previous history of § atrial fibrillation (AF), § supra ventricular tachycardia (SVT 
Predictor parameters
Demographic and disease-exposure histories were obtained from medical files recorded at the time of admission: sex, age, underlying diseases (liver cirrhosis, chronic obstructive pulmonary disease, hypertension, diabetes, and human immunodeficiency virus infection), durations of fever. Signs and symptoms were obtained from chief complaint, history-taking records, and physical examination notes: myalgia, headache, conjunctival injection, cough, maculopapular rash, eschar, lymphadenopathy, abdominal pain, nausea/ vomiting, diarrhea, jaundice, hepatomegaly, splenomegaly, seizure, stiff neck, wheezing, crepitation, dyspnea, respiration rate, and presence of fever.
Hemodynamic profiles were obtained from vital-sign record forms: systolic and diastolic blood pressure and pulse rate. Laboratory profiles were obtained from laboratory investigations requested within 24 hours after admission: hematological, biochemistry, urine analyses.
Data analysis
Patient clinical characteristics were compared across the three severity groups by nonparametric trend tests across ordered groups. Strong potential predictors were explored by multivariable ordinal continuation ratio logistic regression (α,0.001). The coefficients of significant predictors were transformed into item scores and summed as scrub typhus 
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Risk-scoring system for scrub typhus severity severity scores. The scores were classified into risk levels based on inclining of actual risks. Score-categorized risk levels were compared to criterion risk levels to indicate the score performances.
Results
A total of 526 patients with document-confirmed professional diagnosis of scrub typhus were retrieved; 215 cases presented with only eschar, 227 cases had positive immunochromatographic test for scrub typhus, and 84 cases had shown both. These patients were classified as nonsevere scrub typhus (n=357), severe scrub typhus (n=100), and dead of scrub typhus (n=69). The majority of patients were males with similar underlying diseases and durations of fever, but were different according to age (Table 1) .
Clinical signs and symptoms were similar for myalgia, conjunctival injection, cough, abdominal pain, nausea/ vomiting, maculopapular rash, eschar, hepatomegaly, splenomegaly, and respiration rate. Those that were different were headache, diarrhea, jaundice, lymphadenopathy, seizure, stiff neck, wheezing, crepitation, dyspnea, body temperature, systolic blood pressure, diastolic blood pressure, and pulse rate (Table 1) .
Similar laboratory results included hematocrit, hemoglobin, serum globulin, potassium, and chloride. Differences were detected on white blood cell (WBC) count, platelets, neutrophils, lymphocytes, monocytes, total bilirubin, direct bilirubin, albumin, AST, ALT, alkaline phosphatase, blood urea nitrogen creatinine, blood sodium, carbon dioxide, urine albumin levels, and urine sugar ( Table 2 ). There were some missing data, as indicated in the corresponding tables. Table 3) . Multicollinearity among variables was tested and was insignificant. 
Significant predictors

The scoring system
Item scores were derived by dividing the coefficient of significant predictors with the smallest coefficient (1.06) and rounding up to the nearest discrete number. The item scores varied from the minimum of 0 to the maximum of 4. 
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Risk-scoring system for scrub typhus severity
Each item scores were summed up to total scrub typhus severity score, which may vary from 0 to 16 (Table 3) .
Discrimination
The mean severity scores in the nonsevere, severe, and dead groups were 4.2±2.5, 8.9±3.1, and 11.4±2.8 (Table 4 and Figure 1 ).
clinical predictions
The scores discriminated patients with severe or fatal scrub typhus from those with nonsevere scrub typhus with highlevel validity (area under receiver operating characteristic curve (AuROC) 0.9148, 95% CI 0.8886-0.9410). The corresponding values for discriminating the fatal from the severe and nonsevere groups were lower (AuROC 0.9122, 95% CI 0.8823-0.9420) (Figure 2) . By classifying the severity scores into three risk levelsnonsevere (scores # 5), severe (scores 6-9), and most severe or fatal (scores $10) -the scores classified 266 out of 357 patients correctly in the nonsevere group, with underestimation by one level in twelve cases and no instances of underestimation by two levels. In the severe group, the score classified correctly 43 out of 100 patients, with 19 cases underestimated and 81 cases overestimated. In the dead group, classification was correct in 50 out of 69 cases, with overestimation by one level in 45 cases and overestimation by two levels in ten cases (Table 4) .
Discussion
Although patients with early and nonsevere scrub typhus usually respond very well to prompt treatment, patients with complications have a poorer prognosis, and the disease may well be fatal for them. Researchers have attempted to develop scoring systems to predict infectious diseases or their severity to help clinical management. Examples were a dengue fever scoring system to differentiate dengue fever from rickettsial and Q fever, which was developed in Taiwan, 19 decision-tree algorithms to differentiate and prognosticate dengue hemorrhagic fever, 20 and a prediction rule to evaluate the risk for community-acquired pneumonia to help admission decisions. 18 These prediction rules used parameters of epidemiologic, demographic, clinical signs and symptoms, or laboratory characteristics. They all shared similar limitations of relatively large numbers of parameters, complicated laboratory tests beyond routine investigations, or tests that may be unavailable in many settings. These restrictions limited clinical application in routine practice.
For scrub typhus, there have been no studies attempting to develop a clinical algorithm to forecast disease severity to assist clinical diagnosis, evaluation, or management. The present study proposed a simple scoring system based on routinely clinical parameters available in most health care settings.
Predictors proposed in this study were more or less similar to what have been proposed in previous studies, such as serum albumin #3 g/dL 21 and serum creatinine .1.4 mg/dL. 17 Some parameters were similar but different in categorization, such as the patient age 21, 22 and AST level. 17 Some parameters were reported but were not significant in the present study, such as WBC count, 17 platelets, 17 and bilirubin. 17 The present scrub typhus severity score, which ranged from 0 to 16 could be classified into three levels to simulate three levels of disease severities. We proposed the following interpretations and guidelines.
Patients scoring 0-5 were categorized as "nonsevere scrub typhus". These patients may be managed as outpatients. Antirickettsial agents like doxycycline, chloramphenicol, or azithromycin should be prescribed 23, 24 and scheduled for follow-up.
Patients scoring 6-9 were categorized as "severe scrub typhus". These patients are at higher risk of complications, and should be admitted to hospital for close observation. Further investigation and additional intervention may Patients scoring 10 or above were classified as "fatal scrub typhus". These patients experienced the highest risk of death and should be fully investigated for system abnormalities or other life-threatening clinical risks, and should be admitted to an intensive care unit for close monitoring.
An overestimation (25.8%) in the nonsevere group may have resulted in overzealous case management, but this may be considered beneficial for patients. Underestimation was observed in 3.6% of patients with severe scrub typhus. However, the same antirickettsial agents were routinely prescribed in these patients, and the clinical risk should therefore be considered acceptable.
The diagnosis of scrub typhus in the present study was defined as suspected cases based on World Health Organization criteria. This is the most practical definition used in poor, developing countries, where definite diagnosis like indirect immunofluorescence antibodies was hardly available in routine practice. We (the authors) believe that this definition, although not definite, is more relevant in the real world.
The present scoring system, like any other clinical prediction rules, should be validated by independent data before application to routine clinical practice. 
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Conclusion
The derived scrub typhus severity score classified patients into their severity levels with high levels of prediction, with clinically acceptable under-and overestimations. This classification may assist clinicians in patient prognostication, investigation, and management. Like other clinical prediction rules, the present scoring algorithm needs to be validated by independent data before being adopted into routine clinical practice.
